The relationship between serum urate, menopause, and aging has not been clearly defined by scientific evidence. In the present issue of Arthritis Research and Therapy, Hak and Choi present a crosssectional analysis to clarify the effect of menopause and hormone replacement therapy on serum urate in women within the Third National Health and Nutritional Examination Survey. Menopause increased serum urate and hormone replacement therapy significantly decreased serum urate, although the overall level of change was small. The implications of these urate changes on gout and cardiovascular disease outcomes require further study.
In the past era of predominately opinion-based or eminencebased medicine, the relationship between serum urate, sex, and aging has always been perceived by astute clinicians to be a rather simple one; namely, women have lower levels of serum urate than men, and have a lower prevalence of gout. In women, serum urate levels increase with aging and the onset of menopause until the levels roughly equal those of men in later years -this is the traditional view being revised in the present issue of Arthritis Research and Therapy by Hak and Choi's study [1] .
Menopause and hormone replacement therapies, possibly mediated by steroid hormones inducing a more efficient renal uric acid excretion, are thought to influence the age-related phenomenon of changes in women's serum urate [2] [3] [4] [5] . The impression of a simple relationship between sex, menopausal status, and serum urate has not been particularly evidencebased, however, given the lack of large studies in which there was adequate control for confounding factors known to affect the serum urate and menopausal status. Uncovering the true effect of these relationships has significant relevance not only for rheumatologists who treat gout but also for all physicians, given increasing data on the association of serum urate with adverse cardiovascular outcomes among postmenopausal women [6] .
In this context, Hak and Choi present data from a large and representative sample of 7,662 women in the United Statesthe Third National Health and Nutritional Examination Survey [1] . Using a cross-sectional design, the study evaluates the relation between menopause (natural and surgically induced), postmenopausal hormone use, and serum urate levels.
The main strength of the study is its careful methodology, including a thorough assessment of potential confounders such as age, body mass index, medication use, comorbidities, and dietary factors. After multivariate adjustment, menopause was found to significantly increase serum urate levels (by 0.34 mg/dl and 0.36 mg/dl in women with natural menopause and with surgical menopause, respectively, when compared with premenopausal women) [1] . The results of the study did not vary substantially after excluding those women who reported having gout or who were taking common uratelowering drugs, or even among subgroups defined by body mass index, hypertension, or alcohol use.
The authors also found significantly lower multivariableadjusted serum urate among postmenopausal women that were current users and past users of hormone replacement therapy when compared with never users (decreases of 0.26 mg/dl and 0.15 mg/dl in current users and past users, respectively) [1] . Finally, the linear trend of age in association with serum urate levels among postmenopausal women was significant after adjusting for menopausal status, but this trend was attenuated to nonsignificance after including renal function in the statistical model.
Despite its size, elegant methodology, and generalizability, a limitation of this study is its cross-sectional nature, which cannot completely disentangle the temporal sequence of events supposedly leading to an elevation in serum urate. The study further assumes that findings in a group of pre- These interesting results obtained by Hak and Choi are concordant with those published by Simon and colleagues using data from the Heart and Estrogen-Progestin Replacement Study. In that study, the serum urate decreased by a mean of 0.20 mg/dl among postmenopausal women after taking combination hormone replacement therapy for 1 year [7] . Their study and other smaller previous studies, however, only assessed the changes in serum urate induced by hormone replacement therapy. Hak and Choi's study additionally offers the first controlled attempt to describe the association of natural and surgical menopause with serum urate.
The clinical relevance of the findings of Hak and Choi's paper can be considered from different perspectives. Clinicians with an interest in the effect of hormonal factors on gout incidence could find the increases in serum urate induced by menopause and the protection conferred by hormone replacement therapy too modest to be of very much clinical relevance. Using data available for men from the Normative Aging Study as a comparison, the cumulative incidence of gout significantly increased only after reaching a serum urate level of 9.0 mg/dl or more (4.5% per year versus 0.5% per year when serum urate was between 7.0 and 8.0 mg/dl, and 0.1% per year at urate levels <7.0 mg/dl) [8] . The serum urate levels from the Normative Aging Study are significantly higher than those routinely seen in premenopausal women (a mean of approximately 3.2 mg/dl) [5] . Factors other than menopause, such as genetics, diet, medication use, comorbidities, or unknown environmental factors, must therefore also be invoked to explain the well-described increase in gout prevalence for women at older ages (<5% of all gout cases at ages 30-39 years overall occur in women, compared with 25-50% at ages >60 years [9] ).
While the implications of the small increases in serum urate found in this study are still unknown two previous studies offer potential insights. Using a composite of cardiovascular outcomes including death, acute myocardial infarction, stroke and congestive heart failure, Strasak and colleagues reported a hazard ratio of 1.10 (95% confidence interval, 1.06 to 1.13) with each milligram per deciliter of increase in serum urate among 28,613 older postmenopausal women followed for 21 years [6] . In contrast, Simon and colleagues did not find an association between serum urate levels and the risk for coronary heart disease events. There was no protection conferred by the minor reduction in serum urate induced by estrogen and progestin replacements [7] . One might infer from these results that the increase in serum urate of 0.34 to 0.36 mg/dl seen in Hak and Choi's study may not be enough to significantly augment the risk for cardiovascular disease per se.
In summary, the article by Hak and Choi contributes a valuable piece of information to the literature about the association of serum urate with menopause and postmenopausal hormone replacement therapy. Additional studies are needed to explain the mechanisms for these increases in serum urate seen in older women. Finally, inferences about the ultimate impact these urate changes may have on gout and cardiovascular disease will need to be tested or confirmed in longer, larger, and prospective studies. Studies such as the one presented in the current issue of Arthritis Research and Therapy make us realize that uncovering the true nature of apparent simple observations long held true in medicine is seldom straightforward.
